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A B S T R A C T   

Background: Aortic dilation, cardiac malformations and hypertension are known risk factors for aortic dissection 
in Turner syndrome (TS). In the current guidelines, rapid growth of the aorta has been added as a risk marker. 
This study aimed to estimate the growth of the ascending aorta over time, to identify risk factors of aortic growth, 
and to describe aortic complications in TS. 
Methods: A transthoracic echocardiogram was performed at least twice in 101 women with TS, mean age 28 
years, with a mean follow-up of 8.3 ± 3.4 (range 1–17) years. The investigator was blinded to the clinical status. 
Logistic regression analysis was used to identify risk factors of aortic growth. 
Results: The prevalence of ascending aortic dilation (ASI >20 mm/m2) was 26 % and the mean ascending aortic 
diameter was 27.0 ± 4.8 mm at baseline. Significant aortic growth was found at sinus of Valsalva 1.08 (±2.11) 
mm, sinotubular junction 1.07 (±2.23) mm, and the ascending aorta 2.32 (±2.93) mm, p < 0.001. The mean 
ascending aortic growth rate was 0.25 (±0.35) mm/year, and higher compared to the general female population, 
0.12 (±0.05) mm/year, p < 0.0001. No risk factors for aortic growth (bicuspid aortic valve, coarctatio, hyper
tension or karyotype) other than body weight could be identified, Odds ratio 1.05 (95 % CI 1.00–1.09), p =
0.029. Eight women had an aortic event of whom all had bicuspid aortic valves. 
Conclusions: The growth rate of the ascending aorta in TS was increased compared to the general female pop
ulation. Congenital cardiovascular malformations were not predictive of aortic growth.   

1. Introduction 

Turner syndrome (TS) is a complex genetic disorder affecting 1/2500 
live-born girls, and is caused by a complete or partial absence of one of 
the X chromosomes, (45,X) [1]. The syndrome is usually associated with 
short stature, gonadal dysfunction, and congenital cardiovascular mal
formations such as coarctation of the aorta (CoA) and bicuspid aortic 
valves (BAV) [2]. 

CoA, BAV, hypertension, and aortic dilatation are risk factors for 
aortic dissection, which is a rare but often catastrophic event and 
strongly contributes to the increased risk of early death in TS [3–5]. 
Once aortic dissection has occurred, mortality is 1–2% for each hour 

afterwards, resulting in a 48-h mortality of approximately 50 % [6]. In 
the current international guidelines for TS rapid progression of the aortic 
size (>5 mm over a one-year period) has been added as an additional 
risk marker [7,8]. The guidelines recommend consideration of prophy
lactic surgery on ascending aortic aneurysms in patients with an 
aggressive increase of the aortic diameter [9]. Studies have reported an 
average growth rate of the ascending aorta in TS to approximately 0.2 
mm/year, in comparison to the general female population growth rate of 
0.12 mm/year [10–15]. However, many of these studies have a small 
sample size or a short follow up time. The aims of this study were to 
estimate the growth of the ascending aorta over time, to identify risk 
factors of aortic growth, and describe aortic events in women with TS. 
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2. Methods 

2.1. Study design and ethical considerations 

This was a single center, retrospective cohort study. Women who had 
at least two transthoracic echocardiograms (TTEs) from a previously 
published TS cohort were identified [16]. They were included between 
January 1995 and March 2021 at the Turner center in Gothenburg and 
were followed to the date of death or until February 2023. The study was 
approved by the Regional Ethical Review Board in Gothenburg and 
conducted in accordance with the Helsinki declaration [17]. All patients 
provided informed consent. 

2.2. Participants 

The inclusion criteria in this study were phenotypic subjects with 
cytogenetically confirmed Turner syndrome, ≥16 years of age, and at 
least two TTEs of the proximal aorta. An exclusion criterion for the 
growth analyses was aortic interventions prior to the first TTE or be
tween the first and the last TTE. The patients were included in the study 
after transition from the pediatric clinics to the adult endocrine out- 
patient clinic. 

2.3. Echocardiography and examinations 

All patients were examined, the data including anthropometric 
measurements were anonymized, and included in a study database as 
previously described [16]. According to the current national and inter
national guidelines for TS at the time of the study period, the patients 
underwent TTE at Sahlgrenska University hospital at least every 1–5 
years depending on their risk profile for aortic dissection, (i.e. CoA, BAV, 
hypertension, and ascending aortic size), with a standardized follow up 
every 5th year in women with TS without mentioned risk profile [1,8,18, 
19]. Patients with any risk factor were followed at the Grown Up 
Congenital Heart (GUCH) out-patient clinic with an individualized 
program. Digital storing of TTEs became available in 2003 at Sahl
grenska University hospital. As a consequence, the patients’ first TTE in 
this study could not be older than from 2003. Their first and last 
available TTE were identified, and measurements of the proximal 
ascending aorta dimensions were performed in 2023 by the same 
experienced operator with the same measurement criteria on a work
station (EchoPac PC, GE Healthcare, Chicago, IL, USA). The operator 
was blinded to the patient’s clinical status, previous results and whether 
the recorded TTE was the patient’s first or last examination, 
respectively. 

The aortic variables were measured at four levels: aortic annulus, 
sinus of Valsalva, sinotubular junction and ascending aorta, with the use 
of the parasternal long axis view. The maximal diameter in diastole was 
measured from the inner edge to the inner edge of the aortic wall [20]. 

The growth rates were computed as the difference in aortic diameter 
between the first and the last echocardiogram, divided by the duration 
of follow-up. Like in other studies a negative aortic diameter change 
could therefore occur [10–12,21]. 

The aortic valve (bicuspid or tricuspid) and CoA were classified by 
TTE or magnetic resonance imaging (MRI) in accordance with clinical 
practice. Aortic dilatation was defined as an ascending aortic size, (ASI) 
≥20 mm/m2 according to international guidelines for Turner syndrome 
[8]. The ASI was computed by dividing the diameter of the ascending 
aorta by the body surface area. Body surface area (BSA) was calculated 
with the Du Bois method [22]. Aortic growth of the ascending aorta was 
defined as an increase of ≥2 mm between the first and the last TTE 
according to the measurement error of the method estimated by the 
repeatability coefficient (RC), described in the statistical section. Body 
mass index (BMI) was calculated as body weight divided by height in 
meter squared and expressed as kg/m2. Waist circumference was 
measured in cm midway between the lowest rib and the iliac crest. Hip 

circumference was measured in cm at the widest part over the hip. 
Waist-to-height ratio and waist-to-hip ratio were used as proxies for 
central obesity and were calculated by dividing the waist circumference 
by the height and the hip measurement, respectively. 

2.4. Genotype 

The genotype was defined on the karyotype based on conventional 
cytogenetic analysis of ≥25 metaphases with a chromosome quality of 
400 bands. Turner syndrome was defined as mosaic if > 5 % but <95 % 
of all cells demonstrated loss or partial loss of the second sex chromo
some, and as monosomy if ≥ 95 % loss of the second sex chromosome 
was confirmed. This was based on the cytogenetic analyses (Fluores
cence In Situ Hybridization or karyotype) of the buccal cells or the 
lymphocytes in blood. The lower limit was defined in accordance with 
Homer et al. [23]. 

2.5. Statistical analysis 

Kolmogorov-Smirnov test was used to test the variables distribution. 
Normally distributed continuous variables were described with means 
and standard deviations (SD) and non-normally distributed continuous 
variables with medians and interquartile range (IQR). For comparison 
between groups, Fisher’s Exact test was used for dichotomous variables 
and the Mann-Whitney U test for non-normally distributed continuous 
variables. Aortic diameters at first and last echocardiogram were 
compared with Wilcoxon signed-rank test. Unpaired t-test was used to 
compare the estimated aortic growth rates with the growth rates of the 
population and Fisher’s non-parametric permutation test was used to 
compare the growth rates between groups. Correlation was tested with 
the non-parametric Spearman’s correlation test. Odds ratios with 95 % 
confidence intervals were calculated using logistic regression analysis 
and the analyses were adjusted for age. Firth’s penalized maximum 
likelihood estimation was used to reduce bias in parameters with low 
numbers. 

To evaluate the methodological measurement error, we performed a 
test-retest procedure. Two different investigators acquired the recording 
necessary for measurement of the ascending aorta diameter with the 
second investigator blinded to the images of the first recording. The 
same observer measured the ascending aorta from the two different 
recordings using the same measurement procedure and measuring sys
tem. The observer was blinded to the results of the first measurement 
when performing the second measurement. Test-retest reliability of the 
TTEs was estimated by calculating the repeatability coefficient (RC) 
with formula 1.96x√ Σ(m2− m1)2/n, in 30 patients (60 examinations 
were performed), and the measurement error was estimated to 1.9 mm 
[24]. 

All tests were two-tailed and p < 0.05 was considered significant. All 
analyses were performed using either SPSS version 24.0 for Windows 
(IBM, Armonk, NY, USA) or SAS version 9.4 (SAS Institute Inc., Cary, 
NC, USA). 

3. Results 

3.1. Study cohort demographics 

In total 118 women with TS were eligible of whom five patients were 
excluded from the analyses of growth due to aortic interventions during 
follow-up (Supplementary Table 1) and 12 patients were excluded due 
to poor quality of the TTE. The remaining 101 women with TS were 
included in the study of growth. Some of the aortic diameters between 
the first and the last TTEs could not be remeasured and were therefore 
not included in the analyses. Thus, 100 women had at least two available 
measurements of the aortic annulus, 101 of the sinus of Valsalva, 89 of 
the sinotubular junction, and 77 of the ascending aorta. 

The average age of the total cohort with TS at the time of inclusion 
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was 28 years, ranging from 16 to 57 years. 14/101 (14 %) of the patients 
had a BMI >30 kg/m2. The median waist-to-height ratio was 0.51 ±
0.06 and the waist-to-hip ratio was 0.80 ± 0.06. None of the patients 
met the criteria for the metabolic syndrome as per the definition by the 
International Diabetes Federation [25]. BAV was found in 26/101 cases 
(25 %), CoA in 15/101 cases (15 %), and hypertension, defined as 
≥140/90 mmHg or the use of blood pressure medication, in 12/101 
cases (12 %). The mean time between the first and the last echocar
diogram was 8.3 years (min 1, max 17 years). The average number of 
TTEs was 2.7 per individual, minimum 2, maximum 5. The mean 
ascending aortic diameter was 27.0 ± 4.8 mm. The prevalence of aortic 
dilatation (ascending aorta) at first TTE was (20/77) 26 % and at 
follow-up it had increased to (29/77) 38 %. 

The patients were divided into two groups: growth of the ascending 
aorta (n = 38) or no growth ascending aorta (n = 39). The baseline 
characteristics including the frequencies of BAV, CoA and hypertension 
were similar in the two groups except for monosomy (45,X), that was 
more prevalent in the patients with no growth of the ascending aorta, 
Table 1. 

3.2. Aortic growth rates 

The mean ascending aortic growth rate of all women was 0.25 
(±0.35) mm/year. Women with growth of the ascending aorta (≥2.0 
mm between the first and last TTE) had a mean ascending growth rate of 
0.49 (±0.25) mm/year. 

Table 2 shows the growth and growth rates of the proximal aorta. 
The ascending aortic growth rate was normally distributed, the other 
levels were not. There was a significant growth at three of the four aortic 
levels: sinus of Valsalva, sinotubular junction and ascending aorta, p <
0.001. The growth rate of the ascending aortic diameter (0.25 ± 0.35 
mm/year) was significantly increased compared to the general female 
population, 0.12 (±0.05) reported by Campens et al. p < 0.0001 [14]. 

There was a significant correlation, r = 0.45, p < 0.0001, between 
the ascending aortic diameter change and the time from the first to the 
last TTE (Fig. 1A). However, there was no acceleration of the ascending 
growth rate during the follow-up period as there was no correlation 
between growth rate and follow-up time (Fig. 1B). 

3.3. Risk factors 

Previously given growth hormone therapy or ongoing estrogen 
replacement therapy were not associated with aortic growth of the 
ascending aorta or aortic dilatation. Neither were risk factors for aortic 
dissection (CoA, BAV, hypertension, and 45,X). The Odds ratio (OR) for 
45,X was 0.34 (95 % CI, 0.13–0.89) p = 0.028. Body weight was asso
ciated with growth of the ascending aorta, OR 1.05 (95 % CI, 1.0–1.09) 
p = 0.029, but not with aortic dilatation. Neither the waist-to-height 
ratio nor the waist-to-hip ratio, respectively, correlated with either the 
aortic size or growth of the ascending aorta. 

The median growth rates of the aorta in women with different TS 
karyotypes are demonstrated in Table 3. The women with the deletions 
had the lowest growth rate of the ascending aorta and the women with 
Y-material the highest, but no conclusions could be drawn due to the 
small number of patients in each group. 

Four women became pregnant during the time from the first to the 
last TTE. In total six children were born, all after oocyte donations. The 
median size of the ascending aorta was 25.3 (min 18.8, max 35.6) mm 
before the pregnancies. The median aortic growth rates and IQR in the 
pregnant women were estimated to: aortic annulus 0.00 (− 0.03; 0.09) 
mm/year, sinus of Valsalva 0.14 (− 0.04; 0.24) mm/year, sinotubular 
junction 0.12 (− 0.02; 0.36) mm/year, and ascending aorta 0.45 (min 
0.25, max 0.86) mm/year. 

Table 1 
Baseline characteristics in women with Turner syndrome with and without 
growth of the ascending aorta.   

TS women with 
TTEs of the 
ascending aorta 
n = 77 

TS women with 
no growth of the 
ascending aorta 
n = 38 

TS women with 
growth of the 
ascending aorta 
n = 39 

P 
valuea  

Mean ± SD Mean ± SD Mean ± SD  

Age, years 27.6 ± 9.8 27.3 ± 8.9 27.9 ± 10.7 0.78 
Height, cm 152.8 ± 7.2 152.1 ± 6.3 153.4 ± 8.1 0.42 
Body weight, 

kg 
58.1 ± 12.3 55.7 ± 9.8 60.5 ± 14.1 0.087 

Body mass 
index, kg/ 
m2 

24.8 ± 4.2 24.1 ± 3.5 25.5 ± 4.7 0.14 

Waist-to- 
height ratio 

0.51 ± 0.06 0.50 ± 0.06 0.51 ± 0.07 0.66 

Waist-to-hip 
ratio 

0.80 ± 0.06 0.80 ± 0.06 0.80 ± 0.06 0.84 

Monosomy 
(45,X), n 
(%) 

34 (44.2) 22 (57.9) 12 (30.8) 0.030 

Ascending 
aorta, cm 

27.0 ± 4.8 28.1 ± 5.2 26.0 ± 4.3 0.057 

Bicuspid 
aortic valve, 
n (%) 

21 (27.3) 9 (23.7) 12 (30.8) 0.66 

Coarctatio 
aortae, n 
(%) 

11 (14.3) 6 (15.8) 5 (12.8) 0.96 

Systolic BP, 
mmHg 

120.4 ± 14.6 118.3 ± 13.8 122.4 ± 15.2 0.22 

Diastolic BP, 
mmHg 

75.6 ± 9.7 74.0 ± 9.6 77.2 ± 9.7 0.15 

GH therapy, n 
(%) 

49 (63.6) 24 (63.2) 25 (64.1) 1.00 

Estrogen HRT, 
n (%) 

69 (92.0) 33 (91.7) 36 (92.3) 1.00 

BP 
medication, 
n (%) 

5 (6.7) 2 (5.6) 3 (7.7) 1.00 

Total 
cholesterol, 
mmol/L 

5.6 ± 5.5 6.19 ± 8.1 5.2 ± 0.9 0.87 

Smoker, n (%) 8 (10.5) 5 (13.5) 3 (7.7) 0.65 
Diabetes 

mellitus, n 
(%) 

0 (0) 0 (0) 0 (0) – 

BP, Blood pressure; GH, growth hormone; HRT, hormone replacement therapy; 
TS, Turner syndrome. a P values are shown for comparisons between women 
with and without growth of the ascending aorta using the Mann-Whitney U test/ 
Fisher’s Exact test. 

Table 2 
Aortic diameters and growth rates of women with Turner syndrome.  

Position First 
TTE 
(mm) 

Last 
TTE 
(mm) 

p- 
value* 

Mean 
change 
(mm) 

Mean 
growth 
rate 
(mm/ 
year) 

Median 
growth 
rate 
(mm/ 
year) 

Aortic 
annulus n 
= 100 

19.6 
(±2.1) 

19.7 
(±2.1) 

0.20 0.13 
(±1.41) 

0.003 
(±0.22) 

0.015 
(− 0.07; 
0.12) 

Sinus of 
Valsalva n 
= 101 

28.1 
(±3.3) 

29.2 
(±4.0) 

<0.001 1.08 
(±2.11) 

0.13 
(±0.33) 

0.14 
(− 0.02; 
0.29) 

Sinotubular 
junction n 
= 89 

24.2 
(3.4) 

25.3 
(±4.0) 

<0.001 1.07 
(±2.23) 

0.16 
(±0.49) 

0.075 
(− 0.03; 
0.31) 

Ascending 
aorta n =
77 

27.0 
(4.8) 

29.3 
(±5.3) 

<0.001 2.32 
(±2.93) 

0.25 
(±0.35) 

0.25 
(0.03; 
0.44) 

TTE, transthoracic echocardiogram; *P values were calculated by Wilcoxon 
signed rank test for comparison of first and last TTE. Mean presented with SD, 
median with IQR. 
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3.4. Aortic events 

Eight women with TS had an aortic event. Two patients suffered 
aortic dissections, of whom one was excluded from the study due to 
surgery prior to the first TTE [26]. The other patient was medically 
treated, and her growth rate of the ascending aorta was 0.6 mm/year 
during 11.9 years follow-up. Another patient with BAV died of a rupture 
of the aorta due to endocarditis. The highest growth rate of the 
ascending aorta was in a woman with aortic valve stenosis and aortic 
dilatation. She had a growth rate of the ascending aorta of 1.1 mm/year 
and underwent prophylactic surgery with composite aortic valve and 
root replacement after 8.3 years follow-up. The aortic growth rates of 
the other patients with aortic valve replacements were not available. 
BAV was found in all eight patients with aortic events, 100 %, and CoA 
was found in 50 % of those with aortic events, Supplementary Table 1. 

4. Discussion 

4.1. Aortic growth rates 

This study was designed to estimate growth and growth rates of the 
proximal aorta in an adult population with TS and to study the risk 
factors for aortic growth in this population. There was a significant 
growth at three of the four aortic levels: sinus of Valsalva, sinotubular 
junction and ascending aorta, p < 0.001 until up to 17 years’ of follow- 
up. The estimated mean growth rate of the ascending aorta in this study 
was 0.25 (±0.35) mm/year, which is similar to other studies with 
different modalities (MRI, CT, TTE) [10–13]. A recent study by Mecca
nici et al. reported a minimal mean growth of the ascending aorta of 0.03 

(±0.60) mm/year. This may be explained by their short follow-up period 
of 3 years [21]. In the present study the growth rate of the ascending 
aorta (0.25 ± 0.35 mm/year) was approximately twice as fast as in the 
general female population, 0.12 (±0.05), p < 0.0001 [14]. However, 
Mortensen et al. concluded in a recent cardiovascular MRI study that 
aortic growth rates were not increased in TS. They reported similar 
growth rate of the ascending aorta, 0.20 (±0.35) mm/year, but their 
control group with a growth rate of the ascending aorta of 0.26 (±0.14) 
mm/year, consisted of only 37 individuals recruited by an advertise
ment, which may have affected the results [11]. In absolute terms, an 
increase of 0.25 mm per year is a minor increase and, may not be clin
ically relevant in the short run, but over a lifetime, aortic dilatation may 
develop in susceptible individuals. 

With time the ascending aorta was growing wider in TS, r = 0.45, p 
< 0.0001, but the growth rate was not accelerating, Fig. 1. Using stan
dardized protocols and the same modality for aortic measurements are 
crucial to ensure consistent and reliable data over time, enabling the 
detection of aortic growth while minimizing random errors. In clinical 
practice, TTE is the most commonly used technique for assessing the 
proximal aorta and facilitates aortic valve visualization. MRI is an 
excellent modality for aortic diameter measurements, offering detailed 
depictions of aortic shape and its relationship to adjacent structures [9, 
27,28]. Unlike CT, MRI does not involve ionizing radiation or contrast 
agents, making it suitable for serial examination but it is a costly option 
[29]. However, in cases with aortic dilatation the measurements are 
confirmed with CT/MRI and the decision of prophylactic intervention is 
always based on measurements derived from those multiple modalities 
[9]. 

The recommended frequency of monitoring in the guidelines vary 

Fig. 1. Correlation between growth of the ascending aorta and time in 77 women with Turner Syndrome, aged 16–57 years. (A) Spearman’s correlation 
coefficient (rs) = 0.49, p=<0.001. (B) No acceleration of the ascending growth rate was found during follow-up during 1–17 years in Turner Syndrome, rs = 0.18, p 
= 0.12. 

Table 3 
Median growth rates of the proximal aorta in women with different TS karyotypes.  

Karyotype Aortic annulus 
mm/year (IQR) 

n Sinus of Valsalva 
mm/year (IQR) 

n Sinotubular junction 
mm/year (IQR) 

n Ascending aorta 
mm/year (IQR) 

n 

45,X 0.013 (− 0.08; 0.15) 45 0.19 (0.05; 0.029) 45 0.11 (− 0.02; 0.045) 38 0.14 (− 0.01; 0.34) 34 
46,XX/45,X 0.041 (0.01; 0.11) 17 0.048 (− 0.08; 0.15) 17 0.19 (0.02; 0.28) 15 0.37 (0.15; 0.55) 14 
Iso chromosome 0 (− 0.17; 0.04) 12 0.16 (− 0.04; 0.46) 13 − 0.006 (− 0.16; 0.11) 13 0.36 (0.12; 0.64) 11 
Ring chromosome − 0.017 (− 0.06; 0) 5 0.084 (0.05; 0.10) 5 − 0.004 (− 0.11; 0.09) 4 0.18 (0.02; 0.4) 4 
Y-material 0.065 (− 0.86; 0.23) 8 0.20 (0.09; 0.27) 8 0.09 (− 0.08; 0.21) 7 0.40 (0.19; 0.56) 6 
Deletion 0.01 (− 0.33; 0.15) 6 0.15 (0.09; 0.27) 6 − 0.07 (− 0.16; 0.34) 6 0.06 (0.05; 0.79) 6 

N = number of patients. Karyotypes with less than 4 patients were excluded in the analyses. 
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depending on aortic size and risk factors but are likely frequent enough 
to detect an aortic dilatation developing over time [7,8]. However, 
sudden catastrophic events such as aortic dissections/ruptures are 
harder to predict even with frequent examinations. 

4.2. Risk factors 

Previous studies have reported an association between BAV and 
aortic growth [11,21,30]. This could not be confirmed in this study. 
Neither were risk factors for aortic dissection such as CoA, hypertension, 
aortic dilatation, nor monosomy (45,X) of significance for aortic growth 
in the present study. However, body weight at baseline was associated 
with growth of the ascending aorta, OR 1.05 (95 % CI, 1.0–1.09) p =
0.029. The explanation for this is not known, but body weight has been 
strongly correlated with ascending aortic diameters in the general 
population and in TS [12,14]. One could only speculate that with 
increasing body weight, which in TS usually increase the abdominal fat 
distribution because of their short stature, a heavier burden and resis
tance for the cardiac output and the circulation appear [31]. However, 
the waist-to-hip ratio did not turn out to support this hypothesis 
although the waist-to-height ratio was mildly increased. Hypertension 
though, was not associated with or predictive of aortic growth in this 
study. Previously given growth hormone therapy was not associated 
with aortic growth of the ascending aorta, in accordance with a study by 
Bondy et al. [32]. 

The prevalence of aortic dilatation varies in different studies which 
may be explained by different definitions, imaging modalities and se
lection bias of more severely affected patients [15]. In women without 
TS, aortic dilatation is defined as ASI >22 mm/m2, or an ascending 
aortic diameter >34 mm [33]. In the guidelines for TS, dilatation is 
defined as ASI ≥20 mm/m2, accounting for the shorter stature in TS [8]. 
This definition has been widely adopted in numerous studies related to 
the condition [5,12,21,30,34–36]. In the present study, the prevalence 
of aortic dilatation of the ascending aorta at the first TTE was 25.9 %, 
which is similar to the pooled prevalence reported by Meccanici et al. in 
a systematic meta-analysis [15]. 

Monosomy (45, X) was the most frequent genotype in the study 
cohort (47 %), which is in line with previous litterature [8]. To the best 
of our knowledge there is no other study presenting growth rates of the 
proximal aorta in different TS karyotypes. Surprisingly, monosomy had 
the lowest growth rate of the ascending aorta and seemed protective for 
growth of the ascending aorta, OR 0.34 (95 % CI, 0.13–0.89). There is no 
obvious explanation for this finding as monosomy is usually associated 
with a more severe phenotype. Hence, no karyotype in TS can be fore
seen as a high risk or protected for aortic growth due to the genotype. 

During the study period four women became pregnant. As previously 
reported by Duijnhouwer et al. and Donadille et al. there was no 
significantly difference in growth rate from the rest of the cohort, but the 
number of patients is too low to draw any conclusions [12,30]. How
ever, pregnant women with TS are at risk of aortic dissection and should 
always be followed thoroughly during pregnancy [8,16]. The patients in 
our study with aortic dilatation and all the pregnant women were 
monitored at the GUCH clinic with more frequent TTEs. 

4.3. Aortic events 

In this study there were a low number of incidental events; one aortic 
rupture and two aortic dissections. However, these cases contribute to a 
high prevalence of serious aortic events for TS, 3 %. Additionally, there 
were five elective aortic interventions: four aortic valve replacements 
and one supracoronary graft. All the eight patients had BAV in common, 
which poses a risk for aortic dilatation and dissection. Unfortunately, the 
aortic growth rates were only accessible for three of the patients, a 
sample size too small to draw any conclusions. 

The TS guidelines contain flowcharts for regular cardiac monitoring 
and recommendations for prophylactic surgery at threshold values of the 

aorta to prevent aortic dissections [7,8]. In the general population most 
ascending aortic dissections occur without a prior aortic dilatation [37]. 
Even if aortic dilatation is a known risk factor for aortic dissection, it is 
still unclear whether women with TS and aortic dissection have a steady 
growth of the aorta over time to a point where it dissects or whether 
their aorta suddenly dissects without previous gradual growth. 

The result of the present study showing a progress of the aortic width 
by time and age is of importance for the care of women with TS. Previous 
studies, trying to identify risk factors or predictors for aortic dissection, 
have found that aortic dilatation is one of the most important markers 
for the association with aortic dissection [4,5,38]. The present results 
contribute to a better understanding of the high risk of aortic dissection 
at a young age in TS. When designing cardiovascular surveillance pro
grams to prevent aortic dissections, aortic measurement with focus on 
the diameter ought to be more specified at the echocardiography, which 
might be performed more often than every 5-10th year in patients 
without risk factors. A risk-score could be created in a larger sample of 
patients. 

4.4. Strengths and limitations 

The study consists of a relatively large cohort and a follow-up 
duration of 8.3 years, range 1–17 years, but a prospective study 
design with a larger cohort and a longer follow-up is preferred to study 
aortic growth and associated risk factors. TTE is the most frequently 
used technique for measuring proximal aortic segments in clinical 
practice and is an excellent imaging modality for serial measurement of 
maximal aortic root diameter [28]. But both the TTE investigation and 
the measurements depend on the operator and the measuring protocol. 
However, to minimize this bias, the measurements were performed by 
the same operator who was blinded to the medical history. A control 
group with women without TS was not available in this study but the 
growth rate of the ascending aorta was compared with reference values 
in Caucasians reported by Campens et al. (400 women, >15 years of age 
with 10 years follow-up) [14]. We measured the aortic dimensions using 
the inner edge to inner edge principle. In the reference values regarding 
dimension and growth-rate reported by Campens et al. the leading edge 
to leading edge principle were used [14]. The leading edge to leading 
edge method is recommended by AHA and ESC guidelines as it offers 
better consistency with inner diameters derived from CT or MRI [9,39]. 
In absolute values, our aortic dimensions will be smaller because the 
thickness of the aortic wall was not included. However, the difference 
between baseline and follow-up investigations and assessment of aortic 
diameter growth will not be affected. 

5. Conclusions 

The observed aortic growth rate of the ascending aorta in TS was 
higher than the growth rate in the general female population. Increased 
body weight, but not the body fat distribution, was the only marker for 
aortic growth that could be identified in women with TS. Congenital 
cardiovascular malformations were not predictive of aortic growth. 
Regular examinations with estimation of the aortic diameter are 
important in all women with TS. 
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